¢

LAWRENCE
LIVERM ORE
NATIONAL
LABORATORY

LLNL-CONF-493452

Development of Detailed
Chemical Kinetic Model for
Isopentanol

T. Tsujimura, W. J. Pitz, Y. Yang, J. E. Dec

August 15, 2011

Japanese Society of Automotive Engineers Annual Congress
Sapporo, Japan
October 12, 2011 through October 14, 2011



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.



20115542

313-20115542 Development of Detailed Chemical Kinetic Model for Isopentanol

- Analysis of HCCI Combustion with Isopentanol Fueling -

Taku Tsujimura® William J. Pitz? YiYang® JohnE. Dec?

1) National Institute of Advanced Industrial Science and Technology, Research Center for New Fuels and Vehicle Technology
1-2-1 Namiki, Tsukuba, Ibaraki, 305-8564, Japan (E-mail: tsujimura-taku@aist.go.jp)
2) Lawrence Livermore National Laboratory, USA
3) Sandia National Laboratories, USA

Presented at the JSAE Annual Congress on 10, 14,2011

KEY WORDS: (Standardized) heat engine, homogeneous charge compression ignition, modeling (Free) isopentanol [A1]

In this study, the authors focus on one of the next-generation bio-alcohols, isopentanol, which is a higher molecular weight alcohol
produced through the fermentative conversion. Isopentanol is called 3-methyl-1-butanol and contains 5 carbon atoms in its molecular
structure. Isopentanol has higher heating value, lower hygroscopicity and moderate volatility, compared to the most popular bio-alcohol
fuel, ethanol. In terms of combustion fundamentals, the HCCI engine group at Sandia National Laboratories has already investigated
HCCI combustion performance of isopentanol in comparison with those for gasoline and ethanol [SAE 2010-01-2164]. The HCCI
engine experiments show that isopentanol has a similar heat release rate profile to that of gasoline, unlike ethanol. This means that the
initial portion of heat release of both isopentanol and gasoline show significant intermediate temperature heat release (ITHR). ITHR is
important for high engine load operation with low emissions and moderate pressure rise rates. The experiments also show that ITHR is
enhanced by increasing intake pressure and decreasing intake temperature simultaneously. However, the enhancement effect on ITHR
seems to saturate when intake pressure is increased with constant intake temperature. Similar ITHR behavior was also observed in
gasoline HCCI engine experiments. The chemical kinetic reasons for such interesting ITHR behavior are yet unclear. To help answer
these questions, a detailed chemical kinetic model for isopentanol has been developed in this study. The model is based on high
temperature chemistry for alcohols and low temperature chemistry for isooctane. In addition, a new reaction step particular for alcohol
was required. The new step is a concerted HO, elimination, which was originally examined by da Silva et al. [J. Phys. Chem. A, 113, 31,
2009] on ethanol, and contributes to suppression of reaction rates for low temperature chemistry in isopentanol oxidation.

In this paper, the model formulation and validation are described, and the model is applied to a HCCI engine to reproduce combustion
phasing and behaviors of ITHR. Figure 1 (a), (b) and (c) show comparisons of measured BDC-intake temperatures (Tyq) With computed
ones, and Fig. 1 (d) shows the relationship between equivalence ratio and combustion phasing. The results calculated using the detailed
model have good agreement with experiments. Figure 2 shows behaviors of ITHR (a) measured and (b) computed. As described above,
Fig. 2 (a) shows that increasing intake pressure and decreasing intake temperature can enhance ITHR, and the model, Fig. 2 (b), shows
similar behavior.
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In this study, the authors focus on one of next-generation bio-alcohols, isopentanol, and have developed a detailed

chemical kinetic model for isopentanol which has high- and low-temperature chemistry. This paper describes the model

formulation and validation. Also, the model is applied to a homogeneous charge compression ignition (HCCI) engine to

reproduce combustion phasing and behaviors of intermediate temperature heat release (ITHR). The simulations with the

detailed model developed in this study have good agreement with experiments.
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Table 1 Conditions for engine experiment and simulation

HCCI Engine Experiments  Calculation
Displacement (single-cylinder) ......... 0.981 liters <
Geometric Compression Ratio .................. 14:1 13.3:1 (Effective CR)
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